In order to assess such historiographic catchwords, a more precise definition of "Golden Age" must be given. With regard to this concept we might ask whether it is to describe: -A period of great, publicly visible activity in general relativity? -A period which brought great theoretical advances for general relativity? -A period which brought great advances in experimentation and observation applicable to test general relativity? Similar questions may be raised with regard to the "period of marginalization within the field of physics" [12] , also coarsened to signify the "dark ages" of general relativity [13] , both alternative interpretations for the "low water mark": -Is the assumed low-level status of general relativity within the physics community from 1925 to the 1950s well grounded in the conceptual development of the theory? -If such a period existed, to what degree was it due to reasons external to science proper? -Do we have to distinguish different developments in different countries?
For the establishment of both claims beyond personal interests, we may ask whether: -the authors quoted above have used any quantitative indicator? -a naive comparison of the periods 1925-1955 and 1955-1975 is meaningful at all?
In the following we will discuss and try to answer some of these questions. We shall distinguish between communications (public awareness of the field, teaching, conferences) and achievements (conceptual progress, publication of research, institutions).
Manpower, funds, and activity-indicators
Before we can evaluate the development within the field of general relativity, we must look at physics as embedded in the larger area of society. As we know, physics was notably influenced by the impact of World War II, and by the ensuing "Cold War". It is common knowledge that World War II, e.g., due to the development of radar, rockets, or of the atomic bomb, by many was branded as "the physicists war" [17] . Keywords for some effects correlated with politics are the "increase in manpower in physics [including general relativity]" and the new "private and military funding of physics [including general relativity]".
Manpower and financing
Since September 1956, the US Air-force intensely supported research in gravitation through the "General Physics Laboratory of the Aeronautical Research Laboratories (ARL) at Wright-Patterson Air Force Base, Dayton, Ohio" ( [15] , p. 375). This financial source was brought to an end in 1969 by the Mansfield Amendment [16] . To my knowledge, the supported projects were not classified. In Europe, since 1958, the North Atlantic Treaty Organization (NATO) also supported science by both individual grants, by its conference series and the subsequent book publications. Although, in the past, only a trickle has flown into grants for gravity research, the program continues until this day [18] .
At the same time, roughly, funds from industrial companies went into research in gravitation. Another point to be made is the difference in manpower of physicists [relativists] working during the "low water"-and the "renaissance" -periods. Since the launch of Sputnik, in 1957, a shortage of physicists in the USA was claimed, and an advantage on the manpower front assumed for the Soviet Union ( [19] , p. 148). Countermeasures in the educational system were taken. In the report of the Physics Survey Committee of the National Academy of Sciences of the USA we read: "[..] between 1964 and 1970, the number of PhD physicists increased by 60 percent, the number of PhD astronomers by 62 percent, and the number of PhD's in astrophysics and relativity 3 by 300 percent (from 65 to 257 individuals)" ( [20] , p. 840-841). Also, around 1970 the number of physicists in the subfield "astrophysics and relativity" amounted to only 1.5 % of the total of physicists with a PhD in the USA. This number is mentioned here in order to put into perspective the claim that, between the 1950s and 1970, general relativity was "one of the most active The number of bachelor students almost doubled between 1957 and 1973 with the expenditures increasing by a factor 2 1/2 ! This remains unparalleled in the period 1925 to 1955; it is explained by reasons external to the field of gravitation. An indication that, at least in West-Germany, research in gravitation developed smoothly during the three decades from 1960 to 1990, is the number of PhD's produced there in the field of general relativity. It amounts to equally 13-14 for each decade. Thus, to a great extent what was named the "Golden age of relativity" in the United States, may have been nothing but a feature of a general trend in physics after the "Sputnik"-shock.
Activity indicators
As activity-indicators, we could take the number of national and international conferences organized, the number of groups/single persons working in relativity relative to some reference group, the number of books and papers published, the number of journals regularly printing papers on general relativity, or centers with a graduate program in general relativity. We also note that the necessary funds for international conferences including the travel costs had not been available before the 1950s. 4 
Publications
Not one of the indicators suggested above was checked by those claiming a "Golden Age" of General Relativity. Looking at the bibliographies by Combridge at King's College [23] and in Synge's book on general relativity [24] , the average yearly output of papers amounted to 14/year, and from 1925 to 1955 to roughly 12/year, whereas between 1955 and 1965 the rate of published papers rose to ca. J. Eisenstaedt , in his first article of 1986, gave the yearly number of papers in relativity for the five years 1932-1936 to be around sixty. This figure goes well with Combridge's statistics. 5 He also gives the number of 30 articles on general relativity published in 1955 (from Physics Abstracts). This is in stark contrast to the stable growth rate in the number of physics publications in all fields of physics between 1920 and 1960, an exponential growth, doubling the number of papers in approximately 15 years [25] . Of course, exponential growth need not be present in special fields of physics as shown by a study on weak interactions [26] . In another study three periods of growth in scientific publications (all fields) are given: compared with less than 1% growth before, to 2 to 3% up to the period between the two world wars and 8 to 9% to 2012 [27] . Some representative empirical material for the time after 1945, may be obtained from the core collection of the "web of science". 
International Conferences
As to conferences before world war II, there existed very few such events. Among them were the Volta Conferences in Italy by the Royal Academy of Science in Rome. The first such conference in 1927 was the Como Conference, held at Lake Como in 1927 about the uncertainty principle by Niels Bohr and Werner Heisenberg. A well known older series of Conferences were the Solvay Conferences in Brussels. We note those conferences relevant for relativity and gravitation: -1911 "La théorie du rayonnement et les quanta; The theory of radiation and quanta" (Einstein present); -1958 La structure et l'évolution de l'univers (The structure and evolution of the universe); -1964 The Structure and Evolution of Galaxies; -1973 Astrophysics and Gravitation. Before the 1940s, international conferences could be financed only by scientific academies and wealthy entrepreneurs (like Ernest Solvay). Due to the increase in state funds for science and education, from the mid of the 1950s, national and international conferences on gravitation and cosmology, partially as continuing series, began to sprout and became a regular feature of activity in the field of gravitation. An (incomplete) list of the best known such conferences is given in Appendix 1. If taken as an indicator for activity, the organization of conferences on gravitation fulfills the claim that the period starting around 1960 to 1975 brought both the weaving of a net of "relativists" and the awareness for the field in the physics community. However, due to the lack of funds and the lower amount of working power in physics, such an increase in conferences could not have happened during 1925 up to the decade after World War II. In this context, the "low water mark of general relativity" seems to be a projection from the present into the past. Note that the important exact solutions for a rigidly rotating disk formed by dust [28] , [29] , or its generalization to differentially rotating disks [30] were found only during the 1990s.
Advances in research about general relativity
From the preceding enumeration, it looks as if conceptual and methodical progress in the understanding of general relativity and of its consequences has continued uninterrupted and em unweakened -with somewhat smaller growth rates from 1920s to the 1960s than from the 1960s until 1975. In my view, these small differences do not warrant the conclusion that a low water mark for the period 1925 to 1955 existed.
A new field: Relativistic astrophysics
What usually is not in the focus of the proponents claiming a "renaissance of general relativity", is the birth of the new field of "Relativistic Astrophysics" since the 1950s, particularly from the beginning of the 1960s on [31] . The need for an explanation of observations on quasars (1963), pulsars (1967), neutron stars (1971), binary pulsars (1974), with the indirect evidence of gravitational waves, led to the introduction of general relativity into astronomy. Moreover, with the theory and subsequent observation of the cosmic background radiation, cosmology no longer remained an academic subfield of general relativity but became part of relativistic astrophysics. 9 It is questionable, whether the many papers on "relativistic astrophysics" and on "cosmology" can be simply subsumed under "general relativity". In any case, they contributed substantially to the increasing output of publications in relativistic gravitation during the 1960s and 1970s -without constituting a renaissance: "relativistic astrophysics" just did not exist before the 1950s. 11 Of course, in the 1960s, in many further places research on general relativity was taken up like in London (Bondi, Hoyle), Warsaw (Infeld), Austin (Schild), Philadelphia (P. Havas) etc. In view of these developments, it is understandable when Wheeler's student Kip Thorne felt like living in golden times. In his obituary for Wheeler, D. Overbye reformulated his role as expected: "He rejuvenated general relativity; he made it an experimental subject and took it away from mathematicians [..]"
12 [34] . Who could have advised doctoral students in general relativity before the second world war? Einstein never cared for PhD-students and never had one, in Berlin and in Princeton. De Sitter, Lorentz (PhD student J. Droste), Max von Laue, Thirring, and mathematicians Hilbert, Klein and Weyl? For all of them, general relativity was not central to their work, and was not the reason for their fame. Nevertheless, M. v. Laue had several doctoral students in special and general relativity, from e.g., Ernst Lamla (PhD 1912 on special relativistic hydrodynamics) [35] to Max Kohler (PhD 1933 on general relativistic optics and cosmology) [36] . This has to be considered if periods before and after 1950 are compared and a "low-water-mark in dissertations" could be asserted.
6 Are the arguments for the "Low water mark"
and "Golden Age" of General Relativity convincing?
From 1915 until the 1990s, general relativity amounted to "Little Science" in the terminology of de Solla Price 13 [25] . Compared to the overall physics community, workers on relativistic gravitation never surpassed 1% to 2% of all physicists. Without a definition of what mainstream is to mean, dates for the entrance of general relativity into the mainstream are unconvincing. Does it mean that more universities have hired physicists working in relativistic gravitation? In Germany this never did happen. Does it mean that more courses on general relativity were held? This would be unspecific: with the increase in the workforce in general relativity and astrophysics, more people could and did give regular classes in general relativity and/or cosmology.
14 Eisenstaedt's remark that general relativity was at its peak in the 1920s ( [2] , p. 280) is true only if public awareness of the theory is considered (media hype) [37] , not in terms of research. As shown in section 3, in the years thereafter, many conceptual advances equal to or even outclassing the previous body of results and alleviating the understanding of the theory were made. According to B. Schutz [13] , while such advances occured only within the mathematical "skeleton" of the theory, heuristic concepts, all taken from relativistic astrophysics like "black hole", "gravitational waves" or "gravitational lenses" were still missing until the 1970s. 15 For B. Schutz they are necessary for communication with "non-relativists". In this context, he asserts that general relativity became a "complete theory" only in the 1970. In view of the many discussions among philosophers of science as to when a scientific theory may be called "complete"
16 , the introduction of 13 "Little Science" is done by single researchers and small groups with modest monetary resources. "Big Science" involves a large number of collaborators and large funding.
14 The fact that J. Wheeler held the first such course in Princeton only in 1952 despite Einstein's presence there since 1933/1934, seems due to Einstein's reluctance toward holding courses. 15 The concept "graviton" was present, though. 16 Is quantum mechanics complete? Many would negate this due to open questions around measurement. Cf. also [14] . such a concept is not helpful. A similar point of view may be found in [12] where the uncertain "epistemic status" of general relativity theory (during the low-watermark-period) is emphasized. The discussions about the epistemic status of a quantum state again show that this concept leads away from physics into the philosophy of science. In the end, it is the lack of experiments, the pull of quantum theory, and the approximative Newtonian approach in the decades between the first and the second world war that are mostly offered to explain the low-watermarkperiod. At present, in addition to the three effects from general relativity, well known since the 1920s, half a dozen new effects have been observed: Time delay effect, cosmic background radiation, frame dragging, de Sitter geodetic precession, gravitational lensing effect, gravitational waves. Only the first two were observed in 1964, i.e., within the period claimed as "the golden age".
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In spite of being known since the 1920s and 1930s, all the other predictions had to wait for 60 years until the 1980s to 1990s and longer (until 2015) to be measured. If there has been a low-watermark-period, then for experimentation and observation related to general relativity, and it has nothing to do with the asserted period 1920 to 1955.
From the first bets on the direct discovery of gravitational waves in the mid 1960s ( [38] , p. 53) to their first observation, fifty years have passednotwithstanding "renaissance" and "Golden Age". Resistance to pouring big funds into the possible observation of gravitational waves persisted until the 1980s ( [13] , p. 261). Today, the only subdiscipline of general relativity deserving the name "Big Science", is research related to gravitational waves.
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With the new field of "relativistic astrophysics" the application of general relativity to objects astronomers previously had looked at, mainly boosted research on relativistic theories of gravitation. Quasi-stellar sources, pulsars, and neutron stars were not known in the period interpreted as constituting the "low water mark". Black Holes (stellar and galactic), gravitational lensing and gravitational waves were bearing fruit in astrophysics. Probably, the emergence of relativistic astrophysics has helped generating the feeling of a "Golden Age" for general relativity .
It seems to me also that the route quantum mechanics has taken since 1925/1926, was unconsciously used as a model for how general relativity should have developed. In view of the scarce number of gravitational effects beyond those following from Newtonian theory and for which general relativity is needed, this theory could not claim to be of central importance to the physics community -fundamental issues related to space and time notwithstanding.
Conclusion
Writing the history of a discipline requires the introduction of guidelines for emphasizing certain periods, or for smoothing irregularities in the development. I consider the concepts "low water mark" and the ensuing "renaissance" of general relativity as a means of ordering and valuing events. It was shown here that, unfortunately, these labels are resting on a weak factual basis. Research on general relativity needed not to be "resurrected" or "reinvigorated" after the 1950s: it had yet "to begin" at all on a broad scale after world war II. The claim of a "Golden Age" of general relativity between 1960 and 1975 is a reflection of the growing activity in the field during these years. It is backed by the advent of relativistic astrophysics and a considerable growth of the increase in publications on general relativity during this period. 19 A golden age needs no prior period of reduced activity.
The history of general relativity before the 1920s is not taken into account by many narrations. Besides Einstein and his entourage, and a few researchers in Berlin, Leiden and Vienna, very few studied general relativity, particularly in France, England and the United States. With the expatriation of Einstein, the focus of research on general relativity shifted from Germany to other countries, notably to the United States [42] . World War II then slowed down, or even stopped research for about 25% of the assumed lowwatermark-period. I do not contest that the Bern Jubilee Conference of 1955 gave an impulse to the field of general relativity. It was the first international conference on Einstein and his relativity theories since the introduction of these theories. Now, funds were available for organizing such conferences: a golden era for "conference-tourism" started (cf. appendix 1). The beginnings of relativistic astrophysics, the new impressive variety of communications and technical improvements leading to the possibility for experimentation, to me seem to be main factors for establishing general relativity as an accepted subfield of research within the physics community. Yet, the writing of the history of general relativity in the past hundred years needs further detailed studies.
